Sex differences in bladder cancer pathology and epidemiology have been the focus of recent research. We investigated the epidemiological characteristics and compared bladder cancer pathology and survival between men and women in Japan. A total of 13,184 patients with primary bladder cancer diagnosed from 1954 to 2010 were identified in a large-scale cancer registry database in Kanagawa Prefecture. Using this database, we compared the odds ratios (ORs) for nonurothelial carcinoma (non-UC) using a multiple logistic regression model adjusted for age and diagnosis periods. We also compared hazard ratios (HRs) for overall death and cancer-specific death using a Cox proportional hazards model adjusted for non-UC, age, and diagnosis period. The proportion of non-UC was significantly higher in female compared with male patients (OR = 2.14, 95% confidence interval [CI]: 1.81-2.52). Furthermore, survival was significantly poorer in female patients than in male patients after adjusting for UC or non-UC (HR for overall death = 1.15, 95% CI: 1.06-1.23; HR for cancer-specific death = 1.39, 95% CI: 1.28-1.52). Sex differences exist in the epidemiological characteristics of bladder cancer in Japan, with female patients having less favorable pathology and poorer survival compared with male patients.
Introduction
Sex differences in bladder cancer epidemiology have been a focus of recent research. Female patients appear to have more unfavorable pathology and poorer survival compared with male patients. Sex differences in bladder cancer mortality have often been reported [1] [2] [3] , which may be partially explained by the higher proportion of unfavorable pathology in female patients. Nonurothelial carcinoma (non-UC) is a rare form of bladder cancer with aggressive behavior and poor prognosis [4] [5] [6] . Large, population-based studies using data from Surveillance, Epidemiology, and End Results (SEER) and the Netherlands Cancer Registry showed that survival was poorer in patients with non-UC, compared with those with UC [7, 8] . In addition, racial differences in the percentage of non-UC bladder cancer have also been reported between Caucasians and African Americans (female Caucasians 4.3% vs. female African Americans 10.5%, male Caucasians 2.3% vs. male African Americans 5.9%), while survival was poorer in females after adjusting for pathology [9] .
However, to the best of our knowledge, there is currently little information regarding the existence of sex differences in bladder cancer pathology and mortality in Asians, except for one study in Japan [10] . Furthermore, it investigated only patients who underwent radical cystectomy, and was unable to show any sex difference in mortality irrespective of pathology [10] . We therefore conducted a whole patient survey using a large, population-based, cancer registry database of over 20,000 patients with bladder cancer in Japan. We investigated sex differences in bladder cancer pathology and mortality and determined if survival remained poorer in female than in male patients, even after adjusting for non-UC.
Methods

Data source
Kanagawa Cancer Registry, which covers approximately 7% of the Japanese population, is a large, population-based, cancer registry in Kanagawa Prefecture and part of the Japanese Association of Cancer Registries [11] . Kanagawa Prefecture is a metropolitan prefecture located close to Tokyo. It has a population of over nine million, the second largest in Japan, and contains urbanized and rural areas. Data are registered from diagnosing institutions both inside and outside the prefecture if the patient is a resident of the prefecture. The registry database is updated with population registers and death certificates. There is no overlap for the same patient for the same disease in the database.
The database contains the following information: (1) personal identification code; (2) method of registry entry (registry system, population register, death certificate); (3) diagnosing institution; (4) sex; (5) date of birth; (6) date at diagnosis; (7) local-government code for the patient's home address; (8) International Classification of Diseases, 10th Revision (ICD-10) code for disease name; (9) International Classification of Diseases for Oncology, Third Edition (ICD-O-3) code for pathology; (10) initial or recurrent tumor; (11) date of death; (12) cause of death; (13) date of last follow-up; and (14) TNM classification according to the UICC TNM Classification of Malignant Tumours [12] and pathological grade of ICD-O-3 among patients diagnosed after 2005. We obtained the data in an anonymous format, under a research agreement with Kanagawa Cancer Registry.
Details of the database have been described previously [11] . In brief (1) all information is gathered by welltrained tumor registrars certificated by the training program of Japanese Association of Cancer Registries, whose program is permitted by the SEER program; (2) follow-up information is automatically updated annually from population registers and death certificates; (3) pathological information is coded by ICD-O-3; and (4) previous versions of pathological codes have been transformed to the latest versions through standardized regulation consistent with changes in bladder cancer coding practice. Death Certificate Only (DCO) indicates patients who were only registered with "bladder cancer" according to the death certificate, with no pathological information. We used a proportion of patients with DCO as an indicator of the precision of the database, with a cut-off value of 20% [5] . The proportion of DCO in our study was 16.2%, indicating that the quality of our database was adequate.
Study subjects
The inclusion criterion was patients with bladder cancer (C67 in ICD-10) in the Kanagawa Cancer Registry. Exclusion criteria were as follows: (1) missing pathology (UC or non-UC), (2) vague pathology only identified as malignant tumor, carcinoma, or sarcoma, (3) benign tumor, (4) metastatic tumor from other sites, (5) recurrent tumor, (6) patients living outside Kanagawa Prefecture at diagnosis, (7) missing age, and (8) missing sex data.
Variables
Age
Age at diagnosis was calculated and patients were classified as <65, ≥65 and <75, and ≥75 years old.
Pathology
Tumor pathology was divided into seven groups based on the ICD-O-3 code, according to the World Health Organization International Histological Classification of Tumours and the International Agency for Research on Cancer, with some modifications (Table 2) [4, 5] : (1) UC, (2) squamous cell carcinoma (SCC), (3) adenocarcinoma (AC), (4) neuroendocrine tumor (NET), (5) undifferentiated carcinoma (undiff), (6) sarcoma, and (7) others. SCC, AC, NET, undiff, sarcoma, and others were all classified as non-UC.
Period, pathological stage, and pathological grade
On the basis of the definitions of the UICC TNM staging system [12] and previous studies corresponding to the American Joint Committee on Cancer staging system [13] , we divided the date at diagnosis into: Period 0, 1954-1992; Period 1, 1993 Period 1, -2002 and Period 2, 2003-2010 . We divided the pathological stages into: early (0is, 0a, I) and late (II-IV) stages. We divided the pathological grades into low grade (1, 2) and high grade (3, 4) .
Observation period
The observation period was a 5-year, right-censored period. Causes of death were divided into overall death and cancer-specific death.
Statistical methods
The primary aim of the study was to analyze the pathology and survival of patients with bladder cancer, and to detect any sex differences. We used t-tests, v 2 tests, and Fisher's exact tests to compare baseline characteristics between two groups. Proportions of non-UC patients were compared using v 2 and Cochran-Mantel-Haenszel tests stratified by each period. Adjusted odds ratios (ORs) for non-UC were estimated using a multiple logistic regression model adjusted for age and periods. We estimated the 5-year overall survival (5y-OS) and 5-year cancer-specific survival (5y-CSS) using the Kaplan-Meier method. Cox proportional hazards model adjusted for non-UC, age, and period was used to estimate adjusted hazard ratios (HRs) for overall death and cancer-specific death. We also estimated HRs adjusted for non-UC, age, pathological stage, and pathological grade among the patients in Period 2 because TNM classification information was available after 2005.
All P-values were two-sided, and P < 0.05 was considered statistically significant. Data were analyzed using STATA/MP13.0 (Stata-Corp LP, College Station, TX).
Ethical considerations
The study was approved by the Institutional Review Boards of The University of Tokyo and Kanto Rosai Hospital.
Results
We initially included 22,388 patients diagnosed from June 15, 1954 to November 22, 2010. We then excluded: (1) 8723 patients based on lack of precise pathology, (2) 475 patients with recurrent tumors, (3) two patients who lived outside Kanagawa Prefecture at diagnosis, and (4) four patients with missing age data. A total of 13,184 patients with primary bladder cancer diagnosed from June 15, 1954 to November 22, 2010 thus comprised the study subjects. The baseline characteristics of the 13,184 patients are shown in Table 1 . The proportion of female patients was 21.7% (2857 of 13,184). The mean ages (SD) of the female and male patients were 70 (AE12.9) years and 68 (AE11.8) years, respectively (P < 0.001).
Sample size
The sample size for the analysis of pathology was large enough to show a 4% difference in the proportion of non-UC (female patients, 8%, male patients, 4%, a = 0.05, b = 0.2). The sample size for the analysis of survival was large enough to show a 5% difference in survival rate (female patients, 50%, male patients, 55%, a = 0.05, b = 0.2). The proportion of DCO was 16.2%.
Pathology
The pathological distribution of the 13,184 patients is shown in Table 2 . The proportion of female patients with non-UC was significantly higher than the proportion of male patients. The overall proportions of non-UC female and male patients were 8.2% (234/2857) and 4.0% (414/10,327) (P < 0.001), respectively. In addition, the proportions of urothelial carcinoma in situ (CIS) in female and male patients were 11.2% and 9.7% in Period 2, respectively.
The model fit was good, according to multivariate analysis (Hosmer-Lemeshow v 2 = 15.1, P = 0.06). The ORs for non-UC were: (1) female, 2.14 (1.81-2.52), (2) age ≥65 and <75 years, 0.90 (0.75-1.10); age ≥75 years, 0.90 (0.74-1.09), (3) Period 0, 1.65 (1.35-2.01); Period 2, 1.31 (1.08-1.60). The proportion of non-UC was significantly higher in female than in male patients.
Survival
We excluded 2472 of the 13,184 eligible patients because of missing observation periods because of a registry time lag, leaving 10,712 patients for analysis. The KaplanMeier survival estimate curves for overall death and for cancer-specific death are shown in Figures 1 and 2 , respectively. The 5y-OS and 5y-CSS by pathology are shown in Table 3 . The 5y-OS and 5y-CSS were significantly poorer in female patients compared with male patients. The 5y-OS in female and male patients were 0.49 (0.47-0.51) and 0.56 (0.54-0.57) (P < 0.001); the 5y-CSS was 0.59 (0.57-0.61) and 0.71 (0.70-0.72) (P < 0.001), respectively. Regardless of pathological types, the 5y-OS and 5y-CSS were poorer in female than in male patients. The HRs adjusted for available confounders for overall death and cancer-specific death are shown in Table 4 . According to multivariate analysis, the proportional hazards assumption checked with the log-log plot of survival indicated a good model fit (data not shown). Interestingly, both overall survival and cancer-specific survival were significantly poorer in female compared with male patients (HR for overall death = 1.15 [1.06-1.23]; HR for cancer-specific death = 1.39 [1.28-1.52]). Female adjusted HRs by age were similar (Table 5) .
Survival in patients with pathological stage and pathological grade in Period 2
Of the patients in Period 2 (4764/13,184), we excluded 3706 patients with missing pathological stage, 323 patients with missing pathological grade, and 36 patients with missing survival-period data, because these data were available for most of this most-recent cohort [14] . The remaining 699 patients were the subjects for analysis.
HR adjusted for non-UC and age, and HR adjusted for non-UC, age, pathological stage, and pathological grade in female compared with male patients were as follows: HR for overall death = 1.52 (1.09-2.12) and 1.52 (1.09-2.13), and HR for cancer-specific death = 1.69 (1.13-2.52) and 1.71 (1.14-2.56), respectively. Because of rounding, percentages may not total 100. P-values for Fisher's exact tests comparing female and male patients. 4 All the P-values for v 2 tests comparing the proportions of non-UC female and male patients in Periods 0, 1, and 2 were <0.01. 
Discussion
The results of this study demonstrated the existence of a sex difference in the epidemiology of bladder cancer in Japanese patients. Compared with male patients, the proportion of non-UC was twice as high in female patients (OR = 2.14, 1.81-2.52), while survival was poorer in females after adjusting for pathology, age, and period (HRs for overall and cancer-specific deaths = 1. Table 3 . Five-year overall and cancer-specific survival estimates according to bladder cancer pathology. NA, not available; UC, urothelial carcinoma; SCC, squamous cell carcinoma; AC, adenocarcinoma; NET, neuroendocrine tumor; Undiff, undifferentiated carcinoma; non-UC, nonurothelial carcinoma; 5y-OS, 5-year overall survival estimate; 5y-CSS, 5-year cancer-specific survival estimate. Non-UC includes SCC, AC, NET, Undiff, Sarcoma, and Others. 1 Data analyzed by Kaplan-Meier method in 10,712 patients with complete information on sex, pathology, age, period, and observation period. P-values for log-rank tests in each period and stratified log-rank tests over all periods, comparing female and male patients with each pathology. Kaplan-Meier survival estimate curves for cancer-specific survival in male and female patients with bladder cancer. Survival was estimated using the Kaplan-Meier method in 10,712 patients with complete information on sex, pathology, age, period, and observation period, with right censoring at the 5-year point. P-values are for stratified log-rank test with diagnosis periods. UC, urothelial carcinoma; non-UC, nonurothelial carcinoma.
poorer after additional adjustment for pathological stage and pathological grade (HRs for overall and cancer-specific deaths = 1.52 [1.09-2.13] and 1.71 [1.14-2.56], respectively). We limited the study subjects to those with complete information for each analysis, because missing information would have introduced a random element. The random missing information in large-scale samples would have statistically little impact on the point estimation because of the central limit theorem. Missing information would be associated with the requirement for medical institutions to preserve medical records for 5 years in Japan; however, this would have little impact on the difference between the sexes.
In our study population, the number of female patients with bladder cancer was around a quarter the number of males, and the adjusted female HR for cancer-specific death compared with male patients was 1.39, which is similar to those reported in Caucasians and African Americans [9] . The percentages of non-UC were 8.2% in female patients 4.0% in male patients over the whole study period and all ages, which were higher than those in Caucasians and lower than those in African Americans [9] , suggesting the existence of a racial difference in bladder cancer cell type. The percentage of non-UC in female patients decreased by period (Period 0: 11.1%, Period 1: 6.9%, Period 2: 7.0%). However, the relevance of diagnostic factors to this temporal trend is unclear, given that no similar trend was observed in male patients.
Sex differences in bladder cancer epidemiology may be explained by biological, past-historical, and lifestyle standpoints. First, sex differences in the dominant hormones and in vascularity around the bladder may be a relevant factor. From a hormonal perspective, the incidence of bladder cancer was shown to be higher in postmenopausal than in premenopausal women [15] , and aggressive bladder cancers expressed high levels of estrogen receptor-b and few androgen receptors [16] [17] [18] . From a vascular perspective, bladder cancers with high vascularity have been associated with poorer survival than those with low vascularity [19, 20] ; similarly, high expression of vascular endothelial growth factor (VEGF) was associated with poorer survival than low expression of VEGF [21] . Second, a difference in the incidence of cystitis between the sexes may also help to explain the difference in bladder cancer epidemiology. Compared with patients who had never experienced cystitis, patients who had experienced at least three episodes of cystitis had increased risks of whole and SCC bladder cancers [22] . Finally, sex differences in lifestyle-related risk factors for bladder cancer, such as smoking [23] [24] [25] , occupational exposure to particular aromatic amines [26, 27] , nuclear pollution [28, 29] , economic status [3] , and potential delay in diagnosis in female patients [30] could also explain the sex difference.
Our study had several limitations, including some selection biases, and the fact that the pathological coding practices for bladder cancer changed over the study period. Furthermore, we had no information on individual patient attributes, such as history of cystitis, smoking, occupational exposure, environmental pollution, economic status, and treatment. (1) Selection bias might have affected the external validity of this observational study; however, the quality of the prefecture-wide survey, with a DCO percentage of 16.2%, suggested that the precision of the estimates was high and selection bias could be ignored. (2) The proportion of CIS was around 10% in the last decade, which was much higher than in preceding decades; however, this trend is probably associated with changes in coding practices. Coding changes would influence the conclusions in the same direction in both sexes, suggesting that any impact of coding changes could be ignored after adjusting for periods. (3) Smoking is related to poor survival in bladder cancer [23] . The Vital Statistics of Japan (www.e-stat.go.jp) show that the percentage of female smokers is about one-third that of male smokers, suggesting that male patients should have poorer survival than female patients. We are currently collecting data on the smoking status of patients in Kanagawa Cancer Registry, and these results will be incorporated in a future study. (4) Lack of socioeconomic information may represent a weakness of our study because of the impact of socioeconomic status on mortality; however, the effect on sex differences would likely be negligible. Japan has a universal public healthcare system that extensively covers standardized and recommended examinations and treatments within cancer guidelines, regardless of the patient's socioeconomic status. Female and male patients would thus have equal chances to receive examinations and treatment, regardless of their socioeconomic status. The lack of socioeconomic information should therefore not weaken the conclusions. However, further studies are needed to address these limitations. The strength of this study was the fact that it is the first population-based study to demonstrate sex differences in both pathology and mortality of bladder cancer in Japan. Furthermore, survival was significantly poorer in female patients than male patients after adjusting for either UC or non-UC. The results thus represent an important step in reconsidering the treatment strategy for this disease. Although guideline-based strategies for bladder cancer treatment have been recommended for many years, they have not addressed the survival difference between the sexes. The novel Osaka Medical College regimen [31] , which is based on a new concept outside the guidelines, suggests that the combination of radiotherapy, extensive high-dose chemotherapy with balloon-occluded arterial infusion, and hemodialysis may have a curative effect on advanced bladder cancer in both female and male patients. Our results suggest that the main strategy for treating bladder cancer might take into account the sex of the patient. In summary, there are sex differences in the epidemiological characteristics of bladder cancer, and female patients have unfavorable pathology and poorer survival compared with male patients. Further studies are needed to confirm female sex as an independent risk factor for these unfavorable characteristics.
